A Pilot Study For Tissue Characterisation Using Bioimpedance Mapping by Smith, Jye et al.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
QUT Digital Repository:  
http://eprints.qut.edu.au/ 
Smith, Jye G. and Thomas, Brian J. and Cornish, Bruce H. (2007) A Pilot Study 
For Tissue Characterisation Using Bioimpedance Mapping. In Scharfetter, 
Hermann and Merwa, Robert, Eds. Proceedings 13th International Conference on 
Electrical Bioimpedance and the 8th Conference on Electrical Impedance 
Tomography ICEBI 2007 17, pages pp. 146-149, Graz, Austria. 
 
          © Copyright 2007 Springer 
This is the author-version of the work. Conference proceedings published, by 
Springer Verlag, will be available via SpringerLink. http://www.springerlink.com 
SpringerLink 
A Pilot Study For Tissue Characterisation Using Bioimpedance Mapping
J.G. Smith, B.J. Thomas and B.H. Cornish
School of Physical and Chemical Science, Queensland University of Technology, Brisbane, Queensland, Australia, 4000
Abstract— Bioimpedance has shown potential as a method 
for characterising biological tissue with the use of the tetrapo-
lar electrode configuration. This configuration has been shown 
to distinguish between normal squamous epithelium and Cer-
vical Intra-epithelial Neoplasia (CIN) [1]. The tetrapolar con-
figuration has also been shown to produce anomalous results 
in the form of an increase in measured impedance when a low 
impedance lesion is located between a drive and measurement 
electrode [2]. We have investigated a possible solution to this 
problem using bioimpedance mapping employing an array of 
25 (5x5) electrodes. The array allows 64 individual tetrapolar 
measurements to be taken on 16 locations giving an impedance 
map of 49 mm2 on the surface of a tissue sample. Multiple 
measurements at each location reduce the chance of anoma-
lous results since these can later be identified and excluded. 
Preliminary results on bovine blood have shown good separa-
tion of the measured impedance between areas of different 
haematocrit and provided a visual representation of the sur-
face impedance. Impedance maps have been obtained for a 
range of haematocrit between 0 - 80%. It is hoped that further 
development of this electrode array will allow progressive 
monitoring of suspect lesions over time and better identifica-
tion of lesion boundaries for biopsy.
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I. INTRODUCTION 
The tetrapolar electrode is a recognized configuration 
used for tissue characterisation by bioimpedance [1]. The 
tetrapolar configuration involves injecting a constant drive 
current between an adjacent pair of electrodes (drive elec-
trodes), and measurement of the resulting potential between 
another pair of adjacent electrodes (measurement elec-
trodes). This measured potential is dependent on the electri-
cal characteristics of the volume of tissues being analysed. 
Previous finite element analysis (FEA) and experimental 
results have shown that the tetrapolar configuration can 
produce anomalous results in the form of an increase in 
impedance [2]. The increase in impedance is produced when 
a medium of lower impedance is introduced between a drive 
and measurement electrode pair. We propose that these 
anomalous results can be identified and rejected if multiple 
measurements are taken on an area of interest.
In the present study an array of 25 electrodes providing
16 different measurement sites was used to provide a map 
of the bioimpedance of the tissue. Each site allows 4 differ-
ent measurements using the tetrapolar configuration. The 
impedance was measured over a range of frequencies from 
3 – 1000 kHz and the resistance at zero frequency (R0) 
obtained from the Cole-Cole fit to the measured data. 
II. METHODS
The bioimpedance mapping system developed for this 
study is shown schematically in figure 1. An Imp™ SFB7 
from Impedimed was used as the current and measurement 
source. Both drive and measurement electrodes from the 
SFB7 were directed through 32 channel multiplexers 
(ADG732) from Analog Devices and switching of the mul-
tiplexer output channels was controlled via in-house devel-
oped software. Only 25 of the available 32 channels were 
utilised for the electrode array displayed in figure 1.
The electrode array consisted of 25, 1 mm diameter elec-
trodes separated by 0.77 mm in a 5x5 square. This allowed 
a total of 64 separate measurements to be taken at 16 differ-
ent locations giving an impedance map of 49 mm2 on the 
surface of a test medium.
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Fig.1 Schematic of the bioimpedance mapping system.
Measurements were made using the tetrapolar configura-
tion with 4 measurements being made for each location on 
the surface of the test medium. Measurements were made as 
shown in figure 2 by switching the  drive and measurement 
Fig.2 An illustration of the configuration of drive and measurement elec-
trodes used at each location.
electrodes such that the tetrapolar configuration was effec-
tively rotated by 90o for each successive measurement.
The tetrapolar configuration was then shifted to the right by 
one column and another 4 measurements taken. This was 
repeated for all columns and moved down one row at a time 
and repeated.
Bovine blood was used as the conductive medium. Im-
pedance maps were obtained using homogenous samples 
with a range of haematocrit values (0, 20, 40, 60, 80%). 
In a second trial the electrode array was covered with 
plasma (haematocrit of 0%) and red blood cells (haema-
tocrit of 100%) injected onto the corner of the electrode 
array (figure 3).
Fig.3 Region of red blood cells introduced to plasma. Lower left dark area 
is where the cells were injected and the light grey is the area of visible 
diffusion.
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Fig.4 R0 maps for varying haematocrit value.
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III. RESULTS 
A. Mapping homogenous haematocrit
The impedance maps of R0 measured for blood samples 
of various haematocrit are shown in figure 4. Each meas-
urement location shown was measured using the 4 electrode 
orientations. These 4 R0 values measured using different 
electrode orientation were then averaged to produce one R0
map as shown in figure 5.
Fig.5 Average R0 map for haematocrit of 60% and 4 R0 maps for the 
tetrapolar orientations as shown in figure 2.   
B. Mapping plasma with introduced red blood cells
An example of the bioimpedance map obtained using 
plasma with introduced red blood cells is given in figure 6. 
The smaller 4 maps were produced using the tetrapolar 
orientations as described in figure 2. The larger map dis-
plays the average R0 value.
IV. DISCUSSION
The bioimpedance maps for haematocrit 0 to 80% result 
in reasonably consistent values of R0 (standard deviation 
<3%). The uniform measurements also demonstrate that the
remaining 21 electrodes have little affect on the measure-
ments from the 4 electrodes actively involved. Hence these 
21 electrodes do not shunt the current between the active 
drive electrodes.
The bioimpedance map of plasma with introduced cells
clearly shows an increase in R0 at the site of the introduced 
cells (figure 6). The R0 value in the lower left corner (95 Ω)
is much higher than that in the upper right corner (62 Ω) 
which corresponds to that of the homogenous plasma sam-
ple. While the resistance in the lower left corner is higher 
than that of plasma it is less than that obtain for 80 and 60%
haematocrit. The reason for this is due to the cells dispers-
ing throughout the plasma (as shown in figure 3) effectively 
reducing the haematocrit of the introduced red blood cell 
sample. Future experiments will use a blood clot to help 
contain the cells to a defined region on the electrodes.
The cells circled in figure 6 demonstrate an anomaly 
which is assumed to be due to a low impedance medium 
situated between a drive and measurement electrode [2]. 
However this anomaly is minimised by the averaging tech-
nique used in the bioimpedance mapping. Alternatively the 
effect of this cell could be removed by manual or other 
rejection methods. This anomaly highlights a potential flaw 
when only a single tetrapolar measurement is used.
Fig.6 R0 map – Plasma with introduced red blood cells in the lower left 
corner. Circled cells demonstrate anomalous results.    
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V. CONCLUSIONS 
Bioimpedance mapping of a sample of tissue has been 
shown to identify regions of differing impedance. It is 
hoped that further development of this technique will allow 
progressive monitoring of suspect lesions over time and 
better identification of lesion boundaries for biopsy.
It has also been shown experimentally that the use of a 
single tetrapolar electrode measurement may provide
anomalous results in some situations. The use of bioim-
pedance mapping minimises any such anomalies.
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